Background Closed multiple metacarpal fractures are considered highly unstable and are more prone to poor functional outcome. The authors assess the functional outcome of mini fragment plate fixation in closed ipsilateral multiple metacarpal fractures. Patients and methods In 21 patients with closed ipsilateral multiple metacarpal fractures treated with open reduction and internal fixation using mini fragment plate, functional outcome was assessed using the American Society for Surgery of the Hand (ASSH) Total Active Flexion (TAF) score and the Disabilities of the Arm, Shoulder, and Hand (DASH) scoring system. Results Union rate of 100% was achieved. Functional outcome was excellent in 85.71% (18 of 21) and good in 9% (2 of 21) of patients. Average DASH score was 8.47 (range 1-26). Five cases of infection (two deep, three superficial) were reported, which subsided with dressings and antibiotics. Conclusions Plate fixation is a good option for treating closed ipsilateral multiple metacarpal fractures, providing rigid fixation for early mobilization and good functional outcome.
Introduction
Hand is one of the most frequently injured parts of the body [1] . Functional outcome in case of fractures of small bones of hand depends upon injury severity and management [2] . Ultimate functional outcome is more important than just fracture healing in case of hand fracture [3] . Most hand fractures can be treated by nonoperative methods with good outcome [4, 5] . In the small percentage of unstable hand fractures, results of closed treatment remain unsatisfactory. Closed multiple metacarpal fractures are considered highly unstable and are more prone to poor functional outcome compared with open single metacarpal fracture [6] [7] [8] [9] [10] .
A small number of prospective studies have been published on treatment of unstable metacarpal and phalangeal fractures using miniature plate (mini plate) and screws [11, 13, 14] . After thorough literature review we did not find any prospective studies in which ipsilateral multiple metacarpal fractures were treated with plating system. We carried out a study in which 21 patients with closed ipsilateral multiple metacarpal fractures were treated with mini fragment plates and screws.
included. Two patients died due to associated head injury. Eight patients were lost to follow-up. Finally, a total of 21 patients with 55 metacarpal fractures were included in the study.
The minimum age of the patients in our series was 16 years, and the maximum was 75 years, with mean age of 49.5 years. Of all 21 cases, the majority ([50%) were in either the second or fifth decade of life, with the maximum number of patients in the 21-30-year-old age group, accounting for 28% of total patients. Nineteen patients were male, and two patients were female. Right hand was involved in 11 patients and left in 10 patients. Roadside accidents with high-energy trauma were the mode of injury in most cases (11 cases). The second most common cause of these fractures was assault (seven cases), while few patients suffered these fractures during industrial accidents (two cases) or fall (one case).
Eleven patients had two metacarpal fractures. The most common pattern was ring finger with little finger (five patients), and the least common was little finger with index finger (one patient). Seven patients had three metacarpal fractures, and three patients had four metacarpal fractures.
There are different sizes of plate available to fix metacarpal fractures (1.5-mm screws and titanium mini plates, 2.0-mm screws and stainless-steel AO mini plates, and 2.7-mm screws and stainless-steel AO mini plates). Ultralow-profile plates are also available. We used 2.0-mm stainless-steel AO mini plates with 2.0-mm screws. Souer et al. describe the use of ''escape'' screws, i.e., a 2.4-mm screw through a 2.0-mm plate, in metaphyseal bone if satisfactory purchase is not obtained with a 2.0-mm screw [9] . However, in our cases we were able to get satisfactory purchase with 2.0-mm screws.
The DASH score and the American Society for Surgery of the Hand (ASSH) Total Active Flexion (TAF) score (Table 1) were used to grade results. The ASSH TAF score grades results as excellent (flexion C220), good (flexion 120-80), or poor (flexion B80).
Surgical technique
The metacarpal fractures were exposed by dorsal incisions in the space between the involved metacarpals. Extensor tendons were retracted. Fractures were fixed with the plate best suited to the fracture configuration. Reduction and screw sizes were confirmed by image intensifier. Adequate soft tissue closure was achieved over the plate to avoid extensor tendon irritation. Wound was closed without drainage. The hand was rested in elevation for 24-48 h to control pain and swelling, and mobilized actively thereafter. Fracture union was monitored by serial radiographs during fortnightly follow-up visits. Clinical progress in terms of range of movement and complications was recorded at each outpatient visit until healing of fractures, and union was noted. The final range of motion of operated finger was noted in degrees after fracture union. Average follow-up was 1 year.
The study was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki and was approved by the local ethical committee. Written informed consent was obtained from all patients.
Results
Bone union was seen in all patients, with average period of 6.22 weeks (range 4.5-7.5 weeks). Final functional outcome (as assessed by ASSH TAF score) was excellent in 18 patients, good in 2 patients, and poor in 1 patient. Mean DASH score was 8.47 (range . The results were satisfactory, as shown in Figs. 1 and 2 .
Deep infection was seen in two patients and was managed with daily dressings and antibiotics. Of these two patients, one had four metacarpal fractures and the other had three metacarpal fractures. Superficial infection was seen in three patients and was managed with daily dressings and antibiotics.
There were no cases of angular or rotational displacement. No cases of implant breakage were noted. None of the patients in our study had tendon irritation. This may because we were extra cautious during soft tissue suturing over plate. In none of the patients was implant removal required.
Discussion
Most hand fractures can be treated by nonoperative methods with good outcome [4, 5] . In the small percentage of [15] [16] [17] . James reported loss of function in 77% of fingers with unstable phalangeal fracture treated by closed methods [18] . Open reduction and internal fixation of metacarpal fractures with K-wires produces a less rigid fixation with little rotational stability. Protruding ends of the K-wires cause other problems. Interosseous wiring along with K-wire provides more rigid stabilization; however, this method is useful in transverse diaphyseal fractures only.
Metacarpal fracture fixation with external fixator has been described in literature [19] [20] [21] [22] [23] [24] [25] [26] [27] . Return of total range of motion was achieved in up to 100% of metacarpal fractures fixed with external fixator by Shehadi et al. [20] . Tun et al. compared the biomechanical properties, clinical versatility, ease of application, and financial cost of seven mini external fixation systems used to treat unstable metacarpal shaft fractures with segmental bone loss [25] .
Those authors discouraged routine use of such fixators because of unacceptable loosening at the pin-cement interface during testing and because of difficulties encountered during construction and application. Transverse and short oblique metacarpal fractures may be splinted with intramedullary wires [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Flexible bent intramedullary fascicular wires may be used to support oblique fractures. In a study of 21 metacarpal fractures, a J-shaped nail formed from a curved 2.0-mmdiameter Kirschner wire bent sharply at the proximal end was found to be useful in neck or transverse shaft fractures of the metacarpals without concomitant injuries such as severe soft tissue damage [31] . A recent uncontrolled retrospective consecutive study of 22 metacarpal fractures suggested that transcutaneous intramedullary wire fixation of oblique extra-articular metacarpal shaft fracture wires achieves good results and has few complications [36] . In a study of 52 consecutive closed, displaced, extra-articular metacarpal fractures, results of intramedullary nail (IMN) fixation were compared with those of plate-screw (PS) fixation. No significant differences in clinical outcomes were found, but the incidences of loss of reduction, penetration to the metacarpal-phalangeal joint, and secondary surgery for hardware removal in the operating room were much higher in the IMN group [37] .
In the literature, several studies have reported satisfactory results for unstable metacarpal and phalangeal fractures fixed with AO mini plates and screws [11, 12, 27, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . In literature, we found only one study, by Souer et al., in which results of plate fixation in closed ipsilateral multiple metacarpal fractures were evaluated [9] . The study was retrospective, unlike our study. They found total active motion (TAM) [230°in 18 of 19 patients. They had two patients with plate-related complications and one delayed union. Their functional results as evaluated by TAM were quite similar to our results. Gupta et al., in their prospective study, divided patients with fractured metacarpals into four groups. They found TAM [230 in all patients in the group where fracture was fixed with plates [27] . Dabezies and Schutte reported no complications in 27 unstable metacarpal fractures fixed with plates [40] . Our low complication rate is similar to their results. Other authors have reported that patients with open fractures and severe soft tissue injury have high rate of complications [45, [48] [49] [50] . Nonunion and delayed union are infrequent findings in metacarpal fractures. Souer et al. reported 1 of 19 patients having delayed union [9] ; the patient was a smoker. Page and Stern [49] found nonunion in 1 of 66 patients, and Stern et al. [45] found nonunion in 3 of 17 patients. Their low rate of nonunion and delayed union was similar to our results.
Infection was seen in 5 of 21 patients. Two patients had deep and three had superficial infection. In all three patients who had superficial infection, there was discharge from the wound from postoperative day 1, which was settled within postoperative day 3 with daily dressings and antibiotics. In two cases with deep infection, the discharge persisted up to postoperative day 7. Though the rate of infection was quite high, all patients were managed with dressings and antibiotics, and the final outcome was not affected.
In closed multiple metacarpal fractures, plate fixation is a good option for several reasons. These fractures are highly unstable, and stable fixation is required in these fractures [9] . Metacarpal length is very likely to be shortened in multiple metacarpal fractures, causing instability [6, 7] . This effect is greater in internal metacarpals (third and fourth metacarpals) than in border metacarpals (second and fifth metacarpals), because the latter are anchored on both sides of the metacarpal head [8] . Closed ipsilateral multiple metacarpal fractures are frequently associated with more soft tissue injury as compared with single fracture, making them more susceptible to stiffness and poor functional results. Osteosynthesis using miniature plates and screws in these unstable fractures produces anatomical reduction of fractures with stabilization that is rigid enough to allow early mobilization of adjacent joints without allowing loss of reduction, thereby preventing stiffness and hence good functional results.
In our study, we found a 100% union rate, with 85.71% (18 of 21) excellent and 9% (2 of 21) good results according to the American Society for Surgery of the Hand (ASSH) Total Active Flexion (TAF) score. Mean DASH score was 8.47 (range 1-26). Rigid and stable fixation with mini plates allowed early mobilization, which prevented stiffness and achieved good functional result. Though the infection rate was high, it was managed with dressings and antibiotics in all patients.
In conclusion, plate fixation is a good option for treating closed multiple metacarpal fractures, providing rigid fixation for early mobilization and good functional outcome.
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